The coexistence curve of the binary fluid mixture perfluoromethylcyclohexane-isopropyl alcohol was determined by precisely measuring the refractive index both above and below its upper critical consolute point. Sixty-seven two-phase data points were obtained over a wide range of reduced temperatures, 10-5<t<2.5×10 -l, to determine the location of the critical "point: critical temperature=89.901°C, and critical comp0sition=62.2% by volume perfluoromethylcyclohexane.
I. INTRODUCTION
The substantial recent interest in critical phenomena in a multitude of physical systems has been built upon concepts of scaling and universality which developed from studying second-order phase transitions in fluid systems. A framework in renormalization group theory has been used by many others to predict relationships among exponents, the values exponents should have when they belong to different universality classes, and relationships among the amplitudes of thermodynamic quantities. Although renormalization group theory does not predict the location of the critical point, all systems in a given universality class behave similarly once they are close to their own critical points.
The predictions for the exponents have been well verified I close to the critical point in liquid-gas systems and close to the critical consolute points in binary fluid mixtures, both of which belong to the same universality class (threedimensional Ising model). Two-scale-factor universality predicts that two independent amplitudes of leading anomalies (e.g., correlation length and compressibility)
can be used to determine amplitudes for other quantities near the critical point. Thus, it is possible to measure thermodynamic quantities in a system to obtain independent amplitudes, and then accurately predict most of the thermodynamic behavior near the critical point for that system. Several reviews discuss L2 the present status of experiments and theory in these simple systems. Such systems provide essential models for understanding the behavior near critical points of much more complicated systems, such as polymer-solvent phase separation, 3 polymer-polymer blends, 4 ionic systems, 5 miceiles, 6 etc.
In order to determine critical amplitudes and exponents, it is essential to be near the critical point. The coexistence curve provides the location of the critical point and is the a_Author to whom all correspondence should be addressed. first experiment that must be conducted on a system. The shape of the coexistence curve has traditionally provided information on the critical exponent ,8 and amplitude B. This arises from simple sea!ing, where the difference in order parameter x between the upper (u) and lower (l) phases goes as a simple power law in reduced temperature t=--(Tc-T)/T c when very close to the critical temperature T,. :
Ax=--x,-xt=Bt _ (simple scaling).
(1)
Further from the critical point, additional, "correction-toscaling" or Wegner, 1"2terms are needed:
Ax=Bt_[ 1 +Bit at +B2 t2AI +" "],
where the amplitudes B, B I, etc., are system dependent, but the exponent Aj is predicted 1'2 to be a universal 0.51. The critical exponent, ,8, is predicted L2 to be 0.327+0.002. Singh and Pitzer 7 have looked at a number of binary fluid mixtures and concluded that, experimentally, upper consolute points have correction-to-scaling amplitudes Bl=0, while B 2 is negative and system dependent.
The theory describing a system very far from the critical point is less certain. Recent work 8 has focused on the global region containing a critical point and the substantial influence of the critical point on the observed behavior. Crossover theories have been developed 8 for liquid-gas critical points that allow two distinct critical points: one describes the near-critical, Ising-like behavior, which crosses over to the mean-field critical point when the system is far from the 
II. EXPERIMENT
The fluids were spectral grade isopropyl alcohol (Fisher's Spectranalyzed), used without further purification, and perfluoromethylcyclohexane (PCR, >97% pure), which was distilled in a spinning band still with a reflux ratio of 20:1 to achieve a purity greater than 99.9%, as determined by a gas chromatograph.
The fluids were transferred in a dry box under a nitrogen atmosphere to prevent further water contamination. One composition of the fluid mixture was prepared and measured: 53.1% by volume PFMC, which was reported by Schmidt 18 as the critical composition. The mixture was sealed in a stainless steel, prism-shaped cell 12 that has a volume of 7.1 cm 3, including a 0.6 cm 3 nitrogen bubble to maintain the pressure close to atmospheric. The fluids were sealed with indium wire o-rings for the windows and a Teflon TM plug on the fill-hole, sealing screw. The cell temperature was controlled with an ac Wheatstone bridge using a seven digit ratio transformer (General Radio 1493A) and lock-in amplifier (EG&G 128A). A temperature controlled thermostat surrounded the cell as before, 12 and included an outer stage with attached copper tubing through which a circulating antifreeze-water mixture could flow from a water bath (Lauda RM-6). The cell temperature was sensed by a Thermometrics ultrastable thermistor which was calibrated to 0.01 K. Temperature resolution was _+0.2 mK with control of ---0.5 mK over 24 h.
The bulk refractive index was determined from measurements of the minimum deviated angle of 632.8 nm He-Ne laser light bending through each phase of the prism-shaped sample of fluid. The undeviated angle and the prism angle were also measured. Angles were read with a Gaertner spectrometer to a precision of 20 arcsec, providing a resolution in refractive index of _+0.00012. The procedure for taking a data point and calculating the refractive index is the same as reported previously. 12 After temperature control was achieved for each data point, the thermostat was shaken to mix the fluids across the meniscus and to prevent gravitational stratification 2 from occurring. The fluids showed wetting behavior 2°at temperatures below 50°C but not at tem- 
III. RESULTS
Data were taken in two runs over a several month period, and the data spanned over five decades in reduced tem- 
where 1 and 2 refer to PFMC and IPA, respectively. The resulting values are listed in Table  I and shown in Fig. 2 .
Two trends are immediately apparent:
(1) the mixture phase Fig. 2 , is plotted as a function of reduced temperature t = (T c -T)/T c . The curve is the best fit from Table II . about the critical composition _bc = 0.6215 ---0.0015. A plot of the diameter data and the best fit are shown in Fig. 3 . It is possible to fit the diameter over the entire temperature region to an analytic, cubic function (see Table II ). However, a 1 -or term, with one correction-to-scaling term, significantly improved the fit using fewer free parameters and without the need of a linear term. A 2/_ term did not fit the data nearly as well. 
B. Exponent/_ from volume fraction coexistence curve
The shape of the coexistence curve is expected to be a simple power law in reduced temperature as given by Eq.
when the system is sufficiently close to the critical point, and to include correction-to-scaling terms further from the critical point. We will discuss here our fits of Eqs. (1) and (2) to our volume fraction data as given in Table I . Other composition variables will be discussed in a later section. The question of how close one must be to apply Eqs. (1) and (2) will be addressed in the next section in some detail. For now, we FIG. 4. A log-log plot of the difference in volume fraction between the upper and lower phases as a function of the reduced temperature t. If simple scaling holds, then the points should fall on a straight line of slope/3. The effective slope asymptotically approaches zero at large t. Parameter values corresponding to the best fit of _b = _, + at -+ (B/2)t'_( 1 + Bit a_) to the volume fraction data in Table I . N is the number of points and x21N is the chi square per point. The best fit is marked with an asterisk.
Fit
Region N _,. nents. This is clear in Fig. 2 , but is also shown in Fig. 4 . 5 are plotted semilogarithmically as a function of reduced temperature t. The data fall on the straight lines shown with slope and intercept given in Table IV and indicate consistency with an exponential approach to zero. The symbols are the same as in Fig. 5 The published density data of Chaar 27 has been converted to volume fraction in order to determine/_eff, which is shown in Fig. 5 . Numerical derivatives for all three systems were fitted by a simple exponential approach of/3_ff to zero:
where fl is the lsing exponent (0.327), h is a systemdependent parameter, and t is the reduced temperature. The results are shown in Fig. 6 'l''''l''''l''''l''''l'''','''' .. ,..._...i......... ,. ...... Table V ). The equations used to fit _, which is calculated from _busing Eq. (8), are equivalent to those used in Table II and a region free of crossover can be estimated.
